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INTRODUCTION & AIMS 
The Petrology applied to Heritage Conservation research group1 has been involved in the conservation and 
restoration of the Royal Palace of Madrid, Spain (Figure 1), for almost two decades. Its construction started 
in 1738 and ended in 1764, during the reigns of Felipe V (Philippe the 5th) and Carlos III (Charles the 3rd). 
The architect commissioned for the work was J.B. Sachetti. The entire building is made of stone; the 
basement and walls are of granite, and white limestone is used for ashlar bases, columns, pilasters, cornices, 
sills, balustrades, etc. The materials employed, its architectural style and ground plan are typical to most 18th 
century buildings in Madrid.  The palace, since 1982, belongs to National Trust, institution in charge of its 
management and preservation. 
The studies and investigations that the group has developed in the royal complex have been supported on the 
deep knowledge of stone materials together with conservation science, and in most of the cases, aimed to 
solve real and practical problems the building was experiencing in different moments.    
 
 
 
 
 
Figure 1. South façade of the Royal Palace, Madrid, Spain
                                                            
1 http://www.conservacionpatrimonio.es/en/index.html 
The aim of this paper is to show some of the main works, studies and researches that have been performed in 
the Royal Palace of Madrid complex in the last two decades. These are related to the characterization of the 
building stones and their decay condition, the assessment of the urban reorganization in the royal complex 
surroundings, the conservation treatments assessment, both in situ and in the laboratory, some iron corrosion 
processes in the architrave area, the analyses and studies carried out before the 2003´s intervention in the 
building, the stains that appeared after this intervention, and finally, the Geomonumental route that was 
developed with all the collected data and analyses, trying to show how Geology can be an added value in any 
stone cultural heritage item, in this case, referred to the case study of the Royal Palace of Madrid, Spain.   
As this is a compilation of all the investigations performed during many years, and most of them are already 
published, the methodology used in each case must be consulted in the respective reference. 
RESULTS 
The main building stones used for the construction of the Royal Palace are granite and limestone (Fort et al 
2013). The granite (traditionally known as Berroqueña stone) is a monzogranite containing cordierite and 
biotite, with an equigranular texture with fine–medium grain (1–3 mm crystals). It crops out primarily in the 
Alpedrete area, in the Guadarrama Mountain Range, located in the northern and western area of the Madrid´s 
province, and was used for Madrilenian constructions mainly from the eighteenth century. Granite was used 
in the basement and walls of the building (Fort et al 2004a). 
Eighteenth century advances in underground quarrying made it possible to extract a Miocene limestone from 
the Madrid Tertiary Basin (Colmenar stone) located in the southeastern part of the region. The stone is a high 
quality material, very compact and white. It is a biomicrite–biosparite, consisting of a bioclast skeleton and a 
paste in which the micritic matrix alternates with sparitic cement. In the building it is used for ashlar bases, 
columns, pilasters, cornices, sills, balustrades, etc (Fort el al 2004a, 2013). 
This limestone and this granite became the Madrid’s most traditional building stones since the 18th century, 
and both, highly esteemed for their excellent petrophysical properties (Table 1) and durability, are still used 
today.  
Corrosion has given rise to fissures in some areas of the limestone architrave sections due to the oxidation of 
the iron ties and bars that hold them together (Fort et al 2004a, Fort & Alvarez de Buergo 2012). Corrosion 
has even provoked the detachment of fragments of stone (one of them as heavy as almost 0.5 Tm), exposing 
the oxidised iron. The iron ties causing this failure, are made of high quality iron that contains few 
impurities. The water for corrosion to occur was rainwater and through leakage of water from the top 
cornice. Iron always oxidises to ferrous iron (which is soluble) and forms rust when it oxidizes to ferric iron. 
These transformation processes cause an increase in volume of around 83% and the pressure exerted on the 
stone by this volume increase may range from 147 to196 MPa. Since the compression strength of the 
Colmenar limestone containing the ties is 95 MPa, the final result is intense fissuring and fracturing of the 
ashlars. A survey of the architrave in the four facades of the building was carried out. The prospection was 
performed mainly by measuring the ultrasonic propagation velocity in indirect method (both transducers in 
the same face/plane) and by means of a magnetometer (metal detector) to locate de iron bars for anchoring 
ashlars. Thousands of measurements were done. Thank to these analyses, several points of severe risk of 
detachment were located, and later on, removed and replaced during a restoration intervention (2002). 
 
Table 1. Petrophysical properties of the Royal Palace´s building stones (from Fort et al 2013) 
 Granite (Berroqueña stone, 
Alpedrete area) 
Limestone (Colmenar stone, 
Colmenar de Oreja) 
Density (Kg/m3) 2669 ± 17 2579 ± 30 
Water absorption (%) 0.3 ± 0.0 0.8 ± 0.4 
Porosity accessible to water n0 (%) 0.8 ± 0.1 3.8 ± 1.2 
Porosity accessible to mercury Hg (%) 0.5 3.9 
% macroporosity 99 84 
% microporosity 1 16 
Ultrasounds velocity Vp (m/s) 4601 ± 204 5941 ± 111 
 
 
An urbanistic reorganization of the area enclosing the Orient Square (in front of the East façade of the Royal 
Palace) was carried out from 1995 till 1997 (Fort et al 2004b). The works consisted of the construction of an 
underground passage along Bailén St., the street in front of the mentioned East façade (thus restricting traffic 
and increasing the pedestrian area) and also an underground parking (for residents and tourist buses). The 
concentration of atmospheric pollutants was recorded by a pollution station placed in the building´s East 
façade (Bailén St.) from 1994 to 1998, before and after the reorganization works, respectively. Atmospheric 
pollution is the responsible for the soiling and black crusts formation on the stone surfaces. Soiling is more 
severe in limestones than in granites. This soiling was favoured by vehicles circulation at a distance of 4 
meters far from the East façade, being the North façade also exposed to the effects of traffic, especially in the 
area close to Bailén Street and thus to traffic circulation. 
Data from 1998, in comparison to those obtained in 1994, show a reduction in most of the pollutants 
concentration: 53% for particulate matter, 42% for SO2, and 25% for NOx. This environmental pollution 
decrease have made the building materials used for the construction of the Royal Palace to be less affected 
by the soiling processes and by the black crusts formation due to sulphation. Therefore, once these 
deterioration processes slowed down, it was the moment to carry out the cleaning of the façades of all the 
emblematic monuments of the surroundings. 
The efficiency of several hydrophobing products on both building stones was evaluated in the laboratory 
(Fort et al 2000). Best performance on granite was obtained from siloxane-based protective treatments with 
organic solvents. Next best results were obtained using microwaxes-based treatments. Acrylic resins are the 
least effective in protecting the stone. All treatments maintain the same level of effectiveness before and after 
undergoing accelerated ageing tests, with the exception of methacrylates, where hydrophobing properties are 
reduced, particularly after freeze-thawing cycles, and microwaxes when applied on the most altered granites.   
Best protection for limestone is obtained from both microwaxes and siloxanes, the latter less durable. Water-
based siloxanes are less effective and notably less durable than siloxanes with organic solvents.     
Some in situ testing was carried out in order to assess these protective treatments based on their chromatic 
evolution (Fort et al 2002). Performance of different treatments was evaluated in both the granite and 
limestone of the 4 building facades. Their behavior differed according to the orientation of the wall and the 
level of pollution to which every façade was subjected to. Soiling of stone treated with alcosiloxane-based 
products is more acute than that of untreated stone. In view of this, use of these treatments is not advisable. 
On the other hand, stone treated with methacrylate and oligosiloxane-based products underwent few changes 
after a natural ageing period of 4 years. 
During the 2002 cleaning operation on the Royal Palace facades, some stains actually became much more 
visible after the limestone and granite stones were cleaned (Varas et al 2007). These stains were analysed by 
several instrumental techniques (both in situ and in the laboratory) and were found to result from past 
protective treatments, especially a wax-based treatment that was referred in the archives. Some of these 
treatments had formed thin, impermeable films that did not allow the water inside the ashlar to evaporate. 
Sub- and crypto-efflorescences (gypsum, thenardite and nitratite) broke the protective film, generating 
efflorescences on the surface. The treatments had not penetrated the stone, and the stains were merely 
superficial. The method used for the cleaning of the stone façades (pressure water jet) was ineffective for the 
removal of these protective treatments, which at present are deteriorating the stone on which they were 
applied. 
The geomonumental routes project2 (Perez-Monserrat et al 2006, Alvarez de Buergo et al 2007) is one of the 
initiatives proposed in recent years for urban routes that convey geological fundamentals by observing the 
rocks present in heritage structures. Its innovative approach addresses traditional stone properties, original 
quarrying sites and mechanisms of decay. Madrid’s Royal Palace is a fine example of the use of traditional 
building stone in the centre of the Iberian Peninsula. In this route, focused around Madrid’s Royal Palace 
(Perez-Monserrat et al 2013), the building is viewed, on the one hand, as an outdoor geological museum in 
terms of both formation and petrological properties of the traditional stone varieties used to build it. On the 
other hand, it is seen as an on-site urban laboratory that allows to understand the interaction between 
building stones, decay forms and causes of alteration. Careful observation of its facades constitutes in itself a 
lesson in petrology and conservation science. The design of this route draws heavily on the scientific 
research the authors of this article conducted on the palace for over 20 years, and it was designed to 
communicate the breadth of this research to the general public. 
CONCLUSIONS 
The 20-years study focused on the study of the conservation of the Royal Palace of Madrid, Spain, shows 
how Petrology can serve to improve the knowledge on cultural stone materials, their properties, provenance, 
the assessment of the most adequate conservation and restoration techniques, the planning of intervention 
projects, and also the monitoring and assessment of past ones. The Geomonumental routes constitute a very 
useful tool to approach Geology, Petrology and Conservation Science to society.  
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